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第二章：使用 H2/CO 混合气，实现了钯四角叉纳米晶的可控合成。通过 XRD 表征，
结合理论计算，对钯纳米晶的生长机理进行了深入的研究。我们发现在合成中引入的氢
气使得钯转化为氢化钯，其形成有效地减弱了 CO 在钯纳米晶表面的吸附，这是可控合
成钯纳米四角叉的关键。研究中还有效地利用 XRD 及 UV-Vis-NIR 光谱来跟踪钯纳米晶
的 H2 释放过程。对钯纳米四角叉的催化性能的初步研究表明，其具有优于商用钯黑的
甲酸电催化氧化活性，对苯乙烯的催化氢化也有很高的活性。 
第三章：介绍了 CO 辅助的钯纳米晶的可控合成。仅使用 CO 合成出 Pd（111）面
为主要暴露晶面的钯纳米四面体。此处，采用热还原法代替逐步升温法，有效地降低









































Over the past decades, noble-metal (NM) nanomaterials have attracted increasing 
attention for diverse applications in catalysis. As time goes on, researchers found that 
noble-metal nanomaterials are usually surface or interface-sensitive in catalysis. Although 
many efforts have been made to surface and interface-control of noble-metal catalysts, there 
is still plenty of room to study mechanisms of surface and interface-control and their catalytic 
effects at the molecular level. Therefore, this thesis focuses on the surface and 
interface-control, and catalytic properties of Pd nanocrystals. The main results of this thesis 
are summarized as follows:  
Chapter 1. Starting from fundamental properties of noble metal nanocatalystsand their 
applications, we will first discuss the factors affecting the catalytic activity of noble metal 
nanocatalysts and then highlight the importance of surface and interface-control in catalysis. 
The status of present research will then be briefly summarized. Together with the role of CO 
in the synthesis of noble-metal nanocrystals, the research progress of multipod noble metal 
nanocrystals and research on the hydrogen storage properties of noble-metal nanocrystals will 
also be discussed. At the end of this chapter, the significance and content of this thesis will be 
highlighted. 
Chapter 2. Carbon monoxide can adsorb specifically on Pd(111) to induce the formation 
of unique Pd nanostructures. In the co-presence of CO and H2, single-crystalline Pd tetrapod 
nanocrystals are successfully prepared. The Pd tetrapods are enclosed by (111) facets and are 
yielded via the formation of palladium hydride. Density functional theory calculations reveal 
that the formation of PdHx in the presence of H2 reduces the binding energy of CO on Pd 
(111) and thus helps to decrease the CO coverage during the synthesis, which is essential to 
the formation of the PdHx tetrapod nanocrystals. The palladium tetrapod nanocrystals exhibit 
excellent electrocatalytic activity for the oxidation of formic acid that is 2.0 times as active as 
that of high-surface-area commercial palladium black. In addition, they also show high 















Chapter 3. With the use of CO, a facile method to synthesize Pd tetrahedral nanocrystals 
is developed. Based on the findings in Chapter 2, we use the hot-injection method instead of 
the heat-up method to effectively decrease the CO coverage on Pd(111), which is the key 
factor to obtain Pd tetrahedral nanocrystals. The combined use of low-pressure CO and Br
-
 
also induces the formation of Pd tetrapods.  
Chapter 4. In this chapter, a facile method to boost the catalysis of Pd nanoparticlulate 
catalysts is demonstrated. In the developed method, a thin layer of polyacetylene is deposited 
on the surfaces of Pd nanoparticles by treating them with C2H2 at room temperature. The 
polyacetylene deposition changes the surface of Pd nanoparticles from hydrophilic to 
hydrophobic. Such a hydrophobic surface modification allows more hydrophobic substrates 
to be accumulated on the Pd surface so that the catalysis is enhanced. The formation of 
polyacetylene by simple C2H2 treatment and the consequent catalysis enhancement are found 
independent of the facets of Pd nanoparticles. As a result, the developed facile method is 
applicable to enhance the catalysis of commercial Pd nanocatalysts for practical applications. 
Chapter 5. Conclusions and prospects are given in this chapter to point out the 
challenges of surface and interface-control of noble-metal nanocatalyst and the future 
directions as well. 






















另外，Ag 和 Au 也属于贵金属，它们的 d 电子轨道处于完全填满的状态。其中 Ag
由于第一电离能较低，容易失去最外层的电子，因而也有较好的催化活性。如 Ag 在化
工应用中被应用于乙烯氧化。与之相反，Au 有较高的电离能，对分子的亲和力较差。
表面科学的研究及理论计算都表明，当温度低于 473 K 时，H2和 O2不会在平整的金表
面上发生解离吸附。但当金纳米颗粒的尺寸减小时，其对很多反应都表现出很好的活性
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